ABSTRACT This paper describes the effects of two lysosomotropic compounds, ammonia and chloroquine, on the interaction of mononuclear phagocytes with immune T cells. The uptake and ingestion of Listeria monocytogenes by macrophages were not affected by the drugs; however, the macrophage catabolism of 'i5I-labeled Listeria was reduced in a dose-dependent way. The macrophage presentation ofListeria to T cells, an I-region-dependent phenomenon, was also inhibited. The degree of inhibition of catabolism paralleled that of antigen presentation. The inhibition of antigen presentation took place if the macrophages were treated before and during Listeria uptake; minimal inhibition took place if the macrophages were treated 30 min after Listeria ingestion, at which time a significant amount of bacteria was already catabolized. Our previous studies had shown that the macrophageassociated antigen recognized by T cells became apparent 30-60 min after uptake of Listeria. We conclude that ammonia and chloroquine affected an intracellular handling step required for the expression of the immunogen relevant for T-cell recognition. Macrophages play a central role as antigen-presenting cells in the induction and expression ofimmune responses to most protein antigens (1, 2). It is widely held that an early event in the activation ofT lymphocytes is their recognition ofantigen present on the. macrophage cell surface in association with gene products of the I region of the major histocompatibility locus (3). The precise mechanism, however, by which macrophages handle antigen in an immunologically relevant way remains to be elucidated. By using protein antigens under I-region control, several laboratories have shown that the immunogens appear to be small peptides that the macrophage selects for T cells to recognize (reviewed in ref. 4).
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To study the mechanism of antigen presentation, we have used a system that involves the quantitation of the antigen-specific, H-21-region-restricted binding of Listeria monocytogenes-immune T cells to macrophage monolayers (5) . This system has the advantage that immunogenicity of a macrophagebound antigen can be assessed in a short period oftime, thereby permitting study of antigen-handling events-uptake, ingestion, and catabolism-in their relationship to presentation to immune T cells (6) . We have recently shown that recognition of the Listeria immunogen by T cells takes place only after interiorization of the bacteria by the macrophage (6) .
We now report that the selective inhibition of antigen catabolism by ammonia and chloroquine is associated with a corresponding inhibition of antigen presentation by macrophages. These results supply evidence for an intracellular pathway of antigen handling by macrophages relevant to T-cell recognition of antigen.
MATERIALS AND METHODS
The interaction of macrophages with Listeria-immune T cells as well as the handling of heat-killed Listeria by macrophages were studied in culture by methods described in detail in refs. 5 and 6.
Macrophages and T cells were isolated from peritoneal exudate cells of mice immunized with 1D4 live L. monocytogenes (5, 6) . The macrophages (0.5-1.5 X 106 in 1 ml) were planted in 16-mm-diameter culture wells (Falcon, no. 3008), containing (if needed) a 15-mm coverslip, and portioned into three sets: one was cultured for 30 min at 37°C in RPMI-1640 medium with 5% fetal calf serum and antibiotics; the second and third sets were cultured with media containing either 10 mM NH4C1 (Baker) or 0.1 mM chloroquine (Sigma).
The following assays were conducted in the continued presence of these agents.
Antigen uptake. Five million heat-killed l"I-labeled Listeria organisms were spun onto the macrophage monolayer (5 min, 800 x g, 20°C) (the Listeria were labeled by the chloramine-T method and contained an average of 1 cpm per bacterium); the monolayer was washed and solubilized in 0.5% Triton-X, and the radioactivity in the supernatant was measured (7) .
Antigen ingestion. Residual Listeria on the macrophage surface were counted after 20 min at 37°C (after their uptake); the macrophage monolayers were fixed in 1% paraformaldehyde, and the surface-bound Listeria were quantitated by immunofluorescence with rabbit anti-Listeria IgG and fluorescein-labeled goat anti-rabbit IgG (6) . In previous experiments (6), we showed that the loss of surface-bound bacteria was attributed to ingestion and not to detachment from the membrane.
Antigen catabolism. We measured the release of 10% trichloroacetic acid-soluble radioactivity from the macrophage containing '4I-labeled Listeria after 60 min of culture at 37°C (6).
I-A-Positive macrophages. The percentage of I-A-bearing macrophages was studied by immunofluorescence with monoclonal antibody clone 10-2.16 (8) .
T cell-macrophage binding. A bioassay (5, 6) was used. A suspension of immune T cells was spun (50 X g, 5 min, 20°C)
onto the macrophage monolayer and incubated 15 min at 37°C; the nonadherent lymphocytes were collected and assayed for immune T-cell reactivity in a second set ofmacrophage cultures. Immune T-cell reactivity was measured by either the production of a thymocyte mitogenic protein (9) or the development .of macrophage tumoricidal activity (10 The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. results identical to those ofthe standard T-cell proliferation test (5 Although the precise mechanism, by which ammonia and chloroquine interfere with protein degradation is unclear, these agents are thought to exert their effects via disruption of normal lysosome function (12) . Both agents increase lysosomal pH that then depresses the activity of acid hydrolases (14, 15) . Chloroquine has also been shown to have a direct inhibitory effect on cathepsin B1 (12) . Recently, ammonia has been shown to inhibit the fusion of phagosomes and lysosomes (16) . It has also been suggested that ammonia and chloroquine may inhibit re- ceptor recycling (13) . Regardless of the precise mechanism by which these agents exert their effects, they serve to identify a key intracellular pathway of antigen handling by macrophages.
It is interesting to note that the generation of ammonia by some intracellular pathogens (e.g., Mycobacterium tuberculosis) (16) may represent a means to subvert immunological reactivity by reducing the obligate antigen presentation function of the macrophage. Also, ammonia generated as a product of amino acid metabolism may represent a physiological control mechanism of protein degradation (17) . We speculate that anergy associated with hyperammonemia in certain clinical settings (e.g., acute hepatic failure and starvation) may be mediated by disruption of lysosomal function and thus antigen presentation.
This and other studies (6, 18) (22) (23) (24) (25) (26) (27) or by small sequences of, amino acids (28) (29) (30) . Such changes in the protein would be expected to take place after partial lysosomal digestion. The intracellular handling step described herein, however, may not take place in all situations or with all antigens. We have selected for our studies a complex antigen structure-bacterium-for which one may expect an obligatory initial catabolic processing. It is possible that such an intracellular step may not be required, or may be bypassed, with small peptide antigens such as those used in some ofthe bioassays for T-cell function. It should also be noted that presentation ofglobular protein to B cells may involve nonprocessed molecules (1) . Finally, we speculate that the degradation of bacterial antigen by macrophages may have a survival value by increasing the number of structural moieties that can serve as immunogens, making it less likely that a nonresponder status with respect to I-region function will be generated.
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